required to participate in the shooting and running phases 4 times, hitting the targets 5 times in each shooting phase, and then run an 800 mcourse in each running phase; altogether, an athlete should attempt 20 shots and run 3,200 m. In each shooting phase, athletes should finish their 5 shots within 50 seconds for them to proceed to the next phase with 5 successful shots. If they do not hit the target 5 times successfully, athletes should then proceed to the next phase without additional penalty [2] . Laser-run is one of the most important phases in determining the outcome of the modern pentathlon event [3] . However, the newly adopted rules of the game have not yet been analyzed through detailed research. Consequently, determining the important elements that influence athletic performance is important in improving athletic performance in this new event that requires an athlete to perform effectively in both shooting and running.
Previous research by Le Meur et al. [4] revealed that overall performance in the laser-run event depends on shooting factors rather than running speed and reported that when they divided athletes into three groups based on their performance, they found no difference in time required in running between the highest-level group and the other two groups, but did find that the highest-level group took the shortest time in shooting with the least delay per shooting attempt. These authors also reported that reducing the running speed just before their shooting increased their shooting accuracy and that greater running speed between phases resulted in increased delay in shooting, thereby identifying some factors that can improve performance [5] . In another study, Ball et al. [6] maintained that shortening time in the shooting phase is one of the most essential determinants in improving overall laser-run performance, while stressing the necessity of training to adopt the appropriate shooting posture in the shortest time possible. However, Ball et al [6] . also noted that competitors currently rely on shooting time and accuracy, as there is still a significant lack of data with regards to the specific determinants of laser-run performance. Further systematic and scientific evidence is now required to confirm these findings.
The introduction of sports science has become a prerequisite for excellent athletic performance. In particular, advances in instrumentation for measuring and evaluating performance in sports has made it possible to develop more efficient measures for better training, thus resulting in the improvement of athletic performance [7] . Of these instruments, the respiratory gas analyzer (K5, Cosmed, Italy) has made it possible to analyze changes in the physiological metabolism of athletes while they perform an outdoor sport event. Previously, respiratory gas analysis was possible only for indoor. Furthermore, the application of global positioning satellites (GPS) has allowed precise evaluation of each athlete in terms of movement and performance in real time, thus improve his/her athletic performance. Dadswell et al. [3] highlighted the necessity of analyzing the determinants of athletic performance in laser-run as it is a combination of two phases that influence the final results of the entire game. Kim et al. [8] , after realizing the importance of sports science, contrived to compare the performances of athletes with different levels of experience with a GPS system. However, it is thought that the location of the test described by Kim et al [8] . should have been reconsidered since the outdoor temperature ranged between -7.3 and 2°C and was very different from that of the actual athletic event. Consequently, the test setting was not appropriate enough to measure an athlete's metabolism or to allow athletes to perform to their full potential. Furthermore, it would be possible to evaluate the determinants that influence performance in a combined athletic event more scientifically if an athlete's metabolic changes, such as oxygen intake, respiratory quotients (RQ), and respiratory frequency (RF), were assessed during the event by means of a respiratory gas analyzer, in addition to the GPS system. Generally, VO2max is employed as an index with which an athlete's endurance exercise capacity can be evaluated [9] . The characteristic nature of laser-run, in which an athlete should run 800 m, 4 times, makes the assessment of VO2max-through the Graded Exercise Test (G.X.T.) an important index to investigate the differences of aerobic exercise capacities between elite athletes and non-elite athletes. Such differences can be evaluated directly and the determinants of athletic performance can be identified by analyzing interrelationships between the factors involved.
This study aimed to compare groups of elite and non-elite athletes of modern pentathlon and analyze the differences between these two groups by investigating factors in performance records, such as overall laser-run event performance, running time, shooting time, and delay per shooting attempt, and by evaluating metabolic phases, such as oxygen intake, respiratory quotients, respiratory frequencies, and heart rates by employing a GPS system and an outdoor respiratory gas analyzer. These factors may provide fundamental data that could be used to develop a more efficient training strategy for this modified event.
MATERIALS AND METHODS

Subjects
The subjects were 14 modern pentathlon athletes (male) from K Uni-Vol.27, No.1, February 2018: 62-70 versity in South korea who had been finalists in domestic and/or international events. These athletes were divided into elite athletes (n =7) and non-elite athletes (n =7) based on their laser-run record. All subjects were attending the same university and therefore received almost the same training. They also had similar daily routines, including sleeping and resting times, and followed a similar diet. Prior to the study, the objective and protocols were clearly explained to the prospective subjects, and only those subjects who voluntarily participated were included. All subjects provided informed written consent. The study was approved by the research ethics board of K University (20170810-010) and was performed in accordance with the Declaration of Helsinki. The characteristics of the subjects are presented in Table 1 .
Circumstances
This experiment was performed on a 400-m outdoor track at K University and the performance of each athlete from the two groups was checked alternately on the same day. The day of the experiment was chosen in consideration of the fact that outdoor measurement could lead to the inclusion of some errors. The experiment was performed in appropriate circumstances for the performance of laser-run where the temperature range was 6-17°C, wind speed was 1-2 m, and humidity was 50%. The participating subjects were requested to warm up sufficiently before the experiment.
Procedures
All subjects were made to wear sub-miniature wireless metabolism analyzers (K5, COSMED, Italy) with GPS and outdoor respiratory gas analyzing functions. Each subject was allowed some time to become accustomed to wearing these analyzers prior to experimentation. The instrument used is the smallest of all market-available wireless respiratory gas analyzers and measures 16 cm ×10 cm ×4 cm. Measurements were taken once, in accordance with the official rules of laser-run in the modern pentathlon; specific procedures are presented in Fig. 1 . All elements were monitored in every phase and the data collected throughout the measurement were analyzed with dedicated software (Omnia, COSMED, Italy) in real time.
1) Shooting phase
The experiment provided each subject 4 shooting attempts, as required in the official laser-run event, and the subjects used the same laser-shooting system. In each shooting phase, the subjects were required to succeed in hitting 5 targets within 50 seconds before proceeding to the next phase. If they did not succeed in hitting the 5 targets within 50 seconds, the subjects proceeded to the next phase with no penalty. During the shooting phase, we calculated certain parameters: overall and average shooting accuracy over the shooting phase, shooting time, and delay per shooting attempt. In order to calculate shooting accuracy, the numbers of green signals (signifying successful shots) and red signals (signifying unsuccessful shots) were counted and recorded manually. Data relating to shooting time and delay per shooting attempt were collected in real time through the manual of expert of shooting evaluation.
2) Running phase
All participants performed while wearing the sub-miniature wireless metabolism analyzers with GPS function. The GPS feature of the subminiature wireless metabolism analyzer made it possible for us to assess the time elapsed for the entire circuit, as well as various other factors, such as elapsed running time in each section and running velocity. The respiratory gas analyzer functions also made it possible for us to assess oxygen intake, respiratory quotients, respiratory frequencies, and heart rates, thereby revealing changes in the metabolism of each athlete. Information from all factors was collected every second with the Omnia sys- Values are expressed as mean ± standard deviation. BMI, body mass index. 
3) Grade Exercise Test
A treadmill (T170, COSMED, Italy), which provides almost the same running effect as laser-run, was used to assess VO2max and the Bruce protocol because of its wide applicability on healthy subjects to the subjects who were physically unfit [10, 11] . The Bruce protocol is a graded exercise protocol in which an athlete is required to start at an initial velocity of 1.7 mph on a slope with 10% elevation and the velocity is increased by 0.9 mph, and the elevation of the slope is increased by 2% every three minutes. Metabolic changes during the graded exercise test
were assessed with the enclosed automatic respiratory gas analyzer, which evaluated the respiratory gas exhausted during the exercise. The indoor temperature range in the test room was 22-25°C and the subjects were prohibited from performing athletic activity or drinking alcohol for 48 hours before the test.
Data processing
All data were expressed as means ± standard deviations using SPSS version 18.0. The independent t-test was conducted to further delineate between the two populations and Pearson's correlation analysis was used to determine relationships between the data. Statistical significance was set at α =.05.
RESULTS
Elapsed time for overall performance
Elapsed time for the overall laser-run event showed that the performance in laser-run was significantly shorter in the elite group (707.1±14.3 second) than in the non-elite group (747.18± 30.45 second; 105%; p <.05; Fig. 2 ).
Comparison of shooting performance
The mean delay per shooting attempt and shooting accuracy are presented in Table 2 . No significant difference was observed for delay per shooting attempt between the elite group and the non-elite group (p>.05);
however, the non-elite group (94.4 ±8.6%) showed significantly better performance over the elite group (73.1±17.2%, 77%) in shooting accuracy during the first shooting phase (p <.05). Total shooting time, mean shooting time, and shooting time for each phase are also presented in Table 2 .
No significant difference was observed for elapsed shooting time or related factors between the two groups (p>.05). phase over the entire section (p <.01). Both groups showed the greatest running speeds during the first running phase, but showed consistently reducing speed until the third phase. However, during the fourth phase, running speed recovered, reaching almost the same speed as shown in the first phase ( Fig. 2A) .
2) Running time
The elite group (637.28±12.79 second) showed a significantly shorter running time than the non-elite group (677.6 ±16.26 second, 106%) over the entire running section (p <.01). Both groups showed an increasingly longer running time over the first three running phases, but in the fourth running phase, they shortened their running time almost to the level seen during the first running phase (Fig. 2B ).
3) Respiratory gas analysis results for each phase
Respiratory gas analysis allowed us to compare metabolic changes in each group over the running phases by assessing oxygen intake RQ, RF and heart rates (HR). There were no significant differences between the elite group and the non-elite group in terms of oxygen intake (Elite: 58.72 ±8.88 mL/min/kg, Non-elite: 53.9 ±8.86 mL/min/kg, p =.37), RQ (Elite:
1.0 ± 0.2, Non-elite: 1.0 ± 0.1, p =.843), or HR (Elite: 186.6 ±7.1, Non-elite:
179.3 ±8.3, p =.132) over the entire running phases (Fig. 3A-C) . However, the elite group showed a significantly lower mean respiratory frequency (53.93± 3.83) than the non-elite group (62 ±4.03; 116%; p <.05; Fig. 3D ).
4) Grade exercise test
There were no significant differences between the elite group and the 
Analysis of the correlations between overall performances and various factors
To reveal the correlations between laser-run performance and associated factors, we performed Pearson's correlation analysis. Significant negative correlation was observed between overall laser-run event performance and the VO2max, as evaluated using the Graded Exercise Test (r= -.621; and running had a close relation to overall performance. However, we found that the elapsed time for running, and running speed, exhibited a closer relationship than shooting (Fig. 5D-F) .
DISCUSSION
The aims of this study were to assess the determinants of overall laserrun event performance by dividing a cohort of modern pentathletes into groups of elite athletes and non-elite athletes and analyzing their performance in an actual laser-run event. Although the two groups did not show a significant difference in their shooting performance, the elite athletes gave a significantly better performance than the non-elite athletes in terms of running speed and running time. An analysis between elapsed time for the performance of laser-run, which is representative of an athlete's overall laser-run performance, and various factors revealed that there was a close correlation between VO2max, total shooting time,
shooting accuracy, delay per shooting attempt, running time, and running speed, although there were some differences in the degrees to which various factors were correlated.
In the case of laser-run in the modern pentathlon, whose rules were modified in 2017 and now require athletes to perform both shooting and running, it is essential for an athlete to identify important factors to ensure a more directed training and to garner better performance results.
The total elapsed time of performance for the elite athletes was significantly shorter than the non-elite athletes. This result showed that the rules of laser-run, which require an athlete to proceed through 4 shooting and running phases as quickly as possible, enabled the elite athletes to out-perform the non-elite athletes. Comparison between these two groups could be the basis on which we could identify determinants affecting overall performance. Le Meur et al. [5] evaluated athletes participating in the 2009 UIPM World Cup, hosted in Hungary, and reported that successful performance in laser-run depended on shooting accuracy. This precedent study, involving the analysis of upper, middle, and lower level athletes, found that shooting accuracy, rather than running time or running speed, was a meaningful determinant of successful performance. Furthermore, Dadswell et al. [3] , and Goonetilleke et al. [12] , suggested that for more successful laser-run event performance, an athlete should improve shooting accuracy by slowing running speed just before starting the shooting phase or by developing methods to reduce shaking, because laser-run performance is most closely related with the elapsed time during the shooting phase. However, the results of this study, unlike previous studies, did not reveal any meaningful difference between the two groups in terms of average shooting accuracy, in the total elapsed time during the shooting phase, or in the elapsed shooting time during each shooting phase (Table 2) . Furthermore, in terms of shooting accuracy during each shooting phase, non-elite athletes significantly excelled elite athletes (Table 2 ). These results meant that negative factors such as shooting accuracy and time lapse could be offset by other factors during running or other phases.
Recently, many elite pentathletes have been concentrating on training themselves to reduce delay per shooting attempt during the shooting phases [5] . They assume that reducing the overall time taken for the 5 shots, by reducing each shooting time, even at the cost of accuracy, could represent a strategy for improving overall laser-run event performance.
Ball et al. [4] also suggested the necessity of a special training regime for upon the total elapsed time of performance in laser-run. Even though GPS assessments, using negative-split methods, showed that the two groups had the same tendency of increasing running speed in the final fourth running phase [13] , the groups showed a meaningful difference in terms of running speed and elapsed time during all phases (Fig. 2) .
Furthermore, VO2max [14] , the representative element of physical strength in aerobic exercise capacity, showed a significant negative correlation with overall performance in laser-run, and thus represented a potential parameter related to physical strength that could be used to anticipate overall laser-run event performance in the elite athletes (Fig. 5 ). Both Disch et al. [15] , and Ribisl et al. [16] , reported that in the running event, which covers more than 545 m, the VO2max had a close relationship with overall event performance. Daniel et al. also insisted that VO2max could be a reliable criterion by which overall performance in the events that require endurance could be anticipated [17] . In the present study, there were no significant differences between the elite and non-elite athletes in terms of oxygen intake, RQ, or HR in any of the running phases ( Fig. 3A-C) . However, the elite athletes showed a lower Rf than the nonelite athletes (Fig. 3D) . The capability of having a lower Rf in the same exercise intensity implies excellence in terms of oxygen utilization rate in the muscle fibers during endurance exercise and thus promises a positive influence upon oxygen intake and ventilation volume [18] . Consequently, the findings of this study suggested that unlike factors in the shooting phase, in which there was no meaningful difference between the elite and non-elite athletes, running speed, running time, and mean respiratory frequencies during the running phase showed a significant difference between the two groups and that the VO2max had a close correlation with, and could therefore be an important determinant of, overall laser-run performance.
Overall performance in laser-run showed a positive correlation with shooting and elapsed time during the running phase (Fig. 5) . Therefore, it is important to reduce the elapsed time during shooting and running in order to improve overall performance in laser-run. However, our analysis of overall laser-run event performance, and factors related to both the running and shooting phases revealed that overall laser-run event performance had a closer correlation with elapsed time in running (r=.899, p <.001) and running speed (r=.908, p <.001) rather than with elapsed time during shooting (r=.581, p =.047). This suggested that elapsed time during running could be a more important determinant for overall higher performance ability in laser-run.
CONCLUSION
In conclusion, the rules of laser-run in modern pentathlon were modified in 2009, thus necessitating an athlete to perform both shooting with a laser pistol and running in a combined manner. Therefore, there is an urgent need to identify the factors that could determine overall performance in laser-run. In this event, it is essential for athletes to train themselves in all related elements of physical strength, since overall event performance is closely related with a variety of factors associated with shooting and running. However, one of the most important factors in determining the result of laser-run are those elements of physical strength that could reduce elapsed running time. Thus, it is important that modern pentathletes concentrate on training programs that aim to improve cardiovascular endurance. This could reduce the elapsed time in the running phase and represent the most effective way to improve their overall event performance.
One question that remains is whether the results of this research can be applied to the entire population of competitors, from top international modern pentathletes to amateurs. However, the top internationals involved with the study of Le Meur et al. [5] showed a similar distribution in records. Furthermore, the overall performance of domestic modern pentathletes has already reached world-class standard. This shows clearly that improving cardiovascular endurance and muscular endurance to reduce elapsed time during the running phase is a powerful determinant for a superlative performance. Furthermore, it is highly desirable for future research to analyze overall laser-run event performance by taking advantage of advancements in high-technology sports science. We hope that the data from this present study will be helpful in developing training programs to improve overall laser-run event performance.
